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[57] ABSTRACT 

The invention provides a structure and method for config- 
uring an FPGAfirom a PROM using a boundary scan chain. 
A PROM is provided that comprises JTAG circuitry. Con- 
figuration data is stored in the PROM memory as in known 
PROMs. When the data is retrieved from the PROM 
memory it is provided on a standard JTAG Test Access Port 
(TAP). The JTAG-compatible PROM is included as part of 
a JTAG scan chain, preferably directly preceding the FPGA 
to be configured by the PROM. The PROM can be coo- 
trolled either externally or via JTAG commands received 
down the scan chain. Therefore, a reconfiguration of the 
FPGA can be initiated via standard JTAG commands. In one 
embodiment, the PROM itself is programmed with the 
FPGA configuration data using the JTAG TAP port. 

11 Claims, 2 Drawing Sheets 
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PROM WITH BUILT-IN JTAG CAPABILITY 
FOR CONFIGURING FPGAS 

HELD OF THE I^fVENnON 

The invention relates to Field Programmable Gate Arrays 
(FPGAs). More particularly, the invention relates to a 
PROM for configuring an FPGA. 

BACKGROUND OF THE INVENTION 

Field programmable logic devices (ET'GAs) are a well- 
known type of digital integrated circuit that may be pro- 
grammed by a user to perform specified logic fiinctions. An 
FPGA typically includes an array of configurable logic 
blocks (CLBs) surroimded by a ring of programmable 
input/output blocks (lOBs). The CLBs and lOBs arc inter- 
connected by a programmable interconnect structure. The 
CLBs, lOBs, and interconnect structure are typically pro- 
grammed by loading a stream of configuration data 
(bitstream) into internal configuration memory cells that 
define bow the CLBs, lOBs, and interconnect are config- 
ured. The collective states of the individual memory cells 
th^ determine the function of the ETGA. 

The configuration data may be read from memory (e.g., an 
external programmable read-only memory, or PROM) or 
written into the FPGA by an external device. Some FPGAs 
also support configuration via boundary scan or JTAG (Joint 
Test Action Group). IEEE Standard 1149.1 defines a four pin 
serial interface that drives a 16-state controller (state 
machine) formed in each compliant IC device. The four pins 
control transitions of the state machine and facilitate loading 
of instructions and data into the compliant IC device to 
accomplish pre-defined tasks. Originally, IEEE Standard 
1149.1 was developed to perform boundary scan test pro- 
cedures wherein the interconnections and IC device place- 
ment on printed circuit boards (PCBs) are tested through the 
connection pins of the PCBs (i.e., without the need for a 
mechanical probe). Since its establishment, some implemen- 
tations of boundary scan have been extended to include 
additional test procedures such as device functional tests, 
self-tests, and diagnostics. More recently, boundary scan has 
been modified to provide In-System Programming, whereby 
configuration data is transmitted into a target programmable 
device after the device is moimted onto a PCB. 

One FPGA supporting IEEE Standard 1149.1 is the 
XC4000™ FPGA from Xilinx, Inc. Boundary scan configu- 
ration of the XC4000 FPGA is described in detail in pages 
'8-^5 through 8-52 of the Xilinx 1994 Data Book entitled 
"The Programmable Logic Data Book 1994" (hereinafter 
referred to as "the Xilinx 1994 Data Book"), published in 
1994 and available from Xilinx, Inc., 2100 Logic Drive, San 
Jose, Calif. 95124, which pages are incorporated herein by 
reference. (Xilinx, Inc., owner" of the copyright, has no 
objection to copying these and other pages referenced herein 
but otherwise reserves all copyright rights whatsoever.) 

When JTAG configuration is used, the FPGA is typically 
programmed by tester software as part of a sequence of test 
programs. In other words, the FPGA is programmed via 
JTAG, a test sequence is performed, and \hQ FPGA is 
reprogrammed with another configuration in preparation for 
the next test sequence. Both configuration and test are 
performed by the same tester software, and the circuit board 
connections need not be changed back and forth between 
configuration mode and test mode during the testing process. 
Therefore, the ability to configure through JTAG consider- 
ably facilitates the testing process. 

However, when the device is placed in user operation, the 
FPGA is typically configured using standard configuration 
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methods, such as by reading a bitstream from a PROM. 
Various well-known configuration methods for the XC4000 
FPGA are described in pages 2-32 through 2-^5 of the 
Xilinx 1994 Data Book, which are incorporated herein by 
5 reference. 

Since testing is performed through JTAG configuration, 
and user operation configures the device using other meth- 
ods such as an external PROM, two separate sets of package 
pins are required to support the two types of configuration. 

10 Further, two separate sets of pads must be included on the 
FPGA in order to accommodate both test and user configu- 
ration. It is desirable to provide a method for configuring an 
FPGA for both test and user operation using the same set of 
pins, thereby reducing both packaging costs and FPGA 

15 manufacturing costs. 

SUMMARY OF THE INVENTION 

The invention provides a structure and method for con- 
figuring an FPGA from a PROM using a boundary scan 
chain. A PROM is provided that comprises JTAG circuitry. 
Configuration data is stored in the PROM memory as in 
known PROMs. However, when the data is retrieved from 
the PROM memory it is provided on the PROM output pins 
using a standard JTAG Test Access Port (TAP) comprising, 
for example, the four pins Test Mode Select (TMS), Test 
Clock (TCK), Test Data Input (TDI), and Test Data Output 
(TDO). The TAP port also includes control circuitry (e.g., a 
JTAG state machine) to interface between the TMS, TCK, 
TDI, and TDO pins and the PROM memory. 

Note that JTAG input pins are preferably provided as well 
as the JTAG output pin. The inclusion of JTAG input pins 
permits the JTAG-compatible PROM to be included as part 
of a JTAG scan chain, preferably directly preceding the 

35 FPGA to be configured by the PROM. The PROM can be 
controlled either externally or via JTAG commands received 
down the scan chain. Therefore, reconfiguration of the 
FPGA can be initiated via standard JTAG commands. 
The FPGA need not have any dedicated configuration 

40 pads, only those needed for the TAP port. Other FPGA pads 
normally required to allow configuration from a PROM are 
therefore available to be used for standard user I/O. The 
invention therefore uses fewer FPGA pads than previously 
known structures and methods. The reduced number of 

45 FPGA pads, and the resulting reduction in package pin 
requirements, result in a more cost-cflScient packaged 
FPGA. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, 
and not by way of limitation, in the following figures, in 
which Hke reference numerals refer to similar elements. 

FIG. 1 shows an FPGA configuration structure in a 
conventional JTAG configuration system. 

FIG. 2 shows an FPGA configuration structure in a JTAG 
configuration system according to one embodiment of the 
invention. 

FIG. 3 shows a more detailed FPGA configuration struc- 
60 ture for the embodiment of FIG. 2. 

DETAILED DESCRIPTION OF THE DRAWINGS 

A stmcture and method for configuring an FPGA from a 
PROM using JTAG according to the invention is described. 
65 In the following description, numerous specific details are 
set forth to provide a more thorough understanding of the 
present invention. However, it will be apparent to one skilled 
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in the art that the present invention may be practiced without 
these specific details. 

FIG. 1 shows an FPGA and PROM in a conventional 
structure in which the FPGA can be configured frocQ either 
the PROM or through JTAG. The FPGA has two ports, a 
JTAG TAP port and a conventional configuration perl 
(CO^f^G). The TAP port is coupled to both a "Test Data In" 
(TDI) signal line and a "Test Data Out" (TDO) signal line. 
These signal lines cause the FPGA to form one element of 
a conventional boundary scan chain. The configuration port 
is coupled to a PROM, from which user configuration data 
is loaded after testing through the TAP port is complete. 

FIG. 2 shows an FPGA in a structure according to one 
embodiment of the invention, wherein the FPGA is config- 
ured through JTAG in both test mode and configuration 
mode. The FPGA TAP port is unchanged, although the 
former TDI signal now comes firom the PROM via signal 
line 201. The conventional configuration port is replaced by 
"USER I/O**, reflecting the fact that these FPGApads are no 
longer needed for configuration and are therefore available 
to the user as standard input/output pads. 

The PROM holding user configuration data now includes 
a conventional JTAG TAP port. The TDI pin of the PROM 
TAP port is driven by the same TDI signal line that directly 
drives the FPGA in the prior art stmcture of FIG. 1. The 
TDO pin in the PROM TAP port drives the TDI pin in the 
FPGA TAP port. Therefore, the PROM has been inserted 
into the boundary scan chain ahead of the FPGA. 

The PROM has two different modes, a test mode in which 
the PROM is transparent to the boundary scan diain (used 
when the tester is configuring or testing the FPGA), and a 
configuration mode in which the PROM is being used to 
configure the FPGA. To make this selection, standard JTAG 
circuitry can be used. The JTAG IEEE Standard 1149.1 3^ 
provides for both a Test Mode Select (TMS) pin and an 
instruction register that is used to control the JTAG-related 
behavior of devices in the boundary scan chain. 

FIG. 3 shows a more detailed FPGA configuration struc- 
ture for the embodiment of FIG. 3. The TDI and TDO pins 4Q 
of each TAP port are used to form the boundary scan chain. 
The PROM and the FPGA each include both TCK and TMS 
pins. Power (VCC) and ground (GND) pins are also shown 
for both devices. The PROM in this embodiment also 
includes two optional pins, START and RESET. The START 45 
pin starts the configuration of the FPGA by the PROM 
through the JTA.G TAP port. (This function can also be 
performed using a JTAG command, therefore the START 
pin is optional.) The RESET pin can be cither a simple reset 
pin, or a power-on reset that both resets the PROM and 50 
begins configuration of the FPGA. The PROM of FIG. 3 is 
an efficient implementation thaf fits conveniently into an 
8-pin package. 

In one embodiment, the PROM itself is programmed with 
the FPGA configuration data using the JTAG TAP port. In 
this embodiment, a "verify" instruction is preferably added 
to the JTAG extensible instruction set, using well-known 
techniques. The verify instraction is used to verify the 
programming of the PROM. When programming the 
PROM, the JTAG TAP port functions in a manner similar to 
the FPGA JTAG TAP port. When executing a verify insUiic- 
tion or configuring the FPGA, the TAP port allows the 
PROM to perform the same functions as a serial PROM, but 
follows JTAG command protocols. 

Qearly, the invention can only be applied to devices that 
are JTAG-configurable. For example, the Xilinx XC4000 
devices are JTAG-configurable. To configure an XC4000 
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FPGA using JTAG requires providing JTAG commands to 
configure the instruction register in the FPGA. Therefore, 
the states and data corresponding to these commands must 
be generated by the PROM prior to sending the user con- 
figuration bitstream to the FPGA. In one embodiment, the 
command data is included in the bitstream data stored in the 
PROM. In another embodiment, the command data is hard- 
wired into the PROM JTAG circuitry. 

It has been demonstrated that the structure and method of 
the present invention offers the advantages of simpler board 
circuitry, with fewer FPGA pads and fewer FPGA package 
pins required for configuration. Thus it will be understood 
that the present invention provides a novel structure and 
method for programming PROMs and FPGAs through 
boundary scan. 

Those having skill in the relevant arts of the invention will 
now perceive various modifications and additions that may 
be made as a result of the disclosure herein. For example, the 
invention is described herein in terms of IEEE Standard 
1149.1. However, the invention can also be applied to other 
standards and other forms of boundary scan. Accordingly, all 
such modifications and additions are deemed to be within 
the scope of the invention, which is to be limited only by the 
appended claims and their equivalents. 

What is claimed is: 

1. A programmable read-only memory (PROM) for con- 
figuring a field programmable gate array (FPGA) through 
boundary scan, comprising: 

a PROM memory array for storing user configuration data 
for the FPGA; and 

a JTAG test port comprising a test data input (TDI) pin, 
a test data output (TDO) pin, a test clock pin (TCK), a 
test mode (TMS) pin, and a control circuit; 

wherein the JTAG test port is coupled to receive JTAG 
instructions from the TDI, TCK, and TMS pins, to 
receive the data firom the memory, and to provide the 
data to the TDO pin, whereby the data is used to 
configure the FPGA. 

2. The PROM of claim 1, wherein the JTAG test port is 
further coupled to receive the data firom the TDI pin and to 
provide the data to the PROM memory array. 

3. The PROM of claim 2, wherein the PROM supports a 
JTAG verify command for verifying the data in the PROM 
memory array. 

4. A strucmre for configuring a field programmable gate 
array (FPGA) from a programmable read-only memory 
(PROM) through boimdary scan, comprising: 

a PROM having a PROM memory array for storing user 
configuration data for the FPGA, and further having a 
JTAG test port comprising a test data input pin, a test 
data output pin, a test clock pin, a test modb pin, and a 
control circuit; and 

an FPGA having a JTAG test port comprising a test data 
input pin, a test data output pin, a test clock pin, a test 
mode pin, and a control circuit, the FPGA test data 
input pin being coupled to the PROM test data output 
pin to form a boundary scan chain; 

wherein the PROM JTAG test port has a test mode in 
which the PROM is transparent to the boundary scan 
chain, and further has a configuration mode in which 
the PROM is used to configure the FPGA with the user 
configuration data stored in the PROM memory array 
through the boundary scan chain. 

5. The structure of claim 4, wherein the PROM JTAG test 
port is coupled to program the PROM memory array with 
the user configiu-ation data through the boundary scan chain. 
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6. The structure of claim 5, wherein the PROM supports 
a JTAG verify command for verifying the user configuration 
data. 

7. The structure of claim 4, wherein the PROM directly 
precedes the FPGA in the boundary scan chain. 

8. A method to configure a field programmable gate array 
(FPGA) from a programmable read-only memory (PROM) 
through boundary scan, the PROM comprising a PROM 
memory array storing configuration data for the FPGA, the 
method comprising: 

forming a boundary scan chain with the PROM and the 

FPGA in which the PROM precedes the FPGA; 
placing the PROM in configuration mode; and 
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loading the configuration data stored in the PROM 
memory array into the FPGA firom the PROM through 
the boundary scan chain. 

9. The method of claim 8, further comprising: 
loading the configuration data for the FPGA into the 

PROM memory array through the boundary scan chain. 

10. The method of claim 9, further comprising: 
reading back the configuration data through the boundary 

scan chain to verify the data. 

11. The method of claim 8, wherein the PROM directly 
precedes the FPGA in the boundary scan chain. 

* ♦ * * * 
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[57] ABSTRACT 

A semiconductor memory device includes an M-by-N 
memory array having a number M of complete words, each 
of the complete words having a number N of bits. The 
memory array further has M word lines to address the M 
complete words, and N bit lines to access the N bits. The 
number N has a nimiber p of integer factors. The memory 
array can be configured to operate in p different operating 
modes, where the bits of the complete words are rearranged 
into at least one sub-word formed as a bit group. An 
auxiliary address decoder, a mode selector, an auxiliary 
address router and an input data router cooperate with an 
input buffer portion of an input/output drcuit to enable 
routing of input data bits fi-om input data lines of an input 
data bus to a selected sub-word of the memory array. The 
auxiliary address decoder, the mode selector and an output 
data router cooperate with an output sense amplifier portion 
of the input/output circuit to route output data bits of the 
selected sub-word of the memory array to output data lines 
of an ou^ut data bus. 

15 Claims, 5 Drawing Sheets 
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SEMICONDUCTOR MEMORY DEVICE For a single-port memory device as indicated in FIG. 1, 

WITH FLEXIBLE CONFIGURATION tte bit lines of the memory array 10 are shared by both the 

input buffer portion 142 and the output sense amplifier 

BACKGROUND OF THE INVENTION portion 144. However, a memory device having read and 

1. Field of the Invention 5 write ports that are separate is common in the art. One 

example of such a memory device is a dual-port memory 

The mvention relates to a semiconductor memory device, commonly used as a FIFO memory. The dual-port memory 

more particularly to one having a flexible configuration. j^^^^ separate addressing means, i.e. address bus and 

2. Description of the Related Art address decoder, for each port to address the word lines of 
With the growing trend toward SOC (system-on-a-chip) the memory array. 

technology, it is inevitable to incorporate a variety of circuit FIG. 2 is a schematic circuit diagram illustrating a bit 

building blocks, each performing a specific function of an writing unit 1420 of the input buffer portion in a conven- 

electronic system, onto a single integrated circuit chip. This tional volatile memory device, such as DRAM or SRAM, 

trend imposes a great burden on traditional VLSI circuit The conventional volatile memory device usually has a 

design techniques due to the fact that VLSI designers no complementary bit line structure, i.e. B, BN. The bit writing 

longer start the ciicmt design from scratch. Instead, an IP unit 1420 has a buffer input terminal connected to the input 

(intellectual property) based design approach is performed. data bus (DIN), a buffer output terminal connected to the 

The IP-based design approadi involves the use of circuit corresponding bit line (B, BN) of the memory array, and a 

building blocks having specific functions that are well buffer enable terminal to receive the write enable (WEN) 

proven for the integration of the system chip. signal. The input data bus (DIN) is connected to the oorre- 

Memory devices are usually needed in a system chip. spending bit line (B, BN) of the memory array when the 

Generally, many memory macros will be embedded within WEN signal is asserted, and is disconnected therefrom when 

the system chip that commands these memories. The embed- WEN signal is not asserted. 

ded memory macros may be volatile, such as SRAM and FIG. 3 is a schematic circuit diagram illustrating a bit 

DRAM, or non-volatile, such as mask ROM, EPROM, 2S sensing unit 1440 of the output sense amplifier portion in a 

EEPROM and flash memory, and can have parts that differ conventional volatile memory device, such as DRAM or 

much in configuration from the standard stand-alone SRAM. The bit sensing unit 1440 has a sensing input 

memory devices. terminal connected to the corresponding bit line (B, BN) of 

Reusability is a key factor in a design involving the SOC the memory array, a sensing output terminal connected to the 

methodology. It can reduce the development time and thus 30 output data bus (DOUT), and an output enable terminal to 

shorten the time to market a product. A circuit building block receive the output enable (OEN) signal. The bit lines (B, 

with a specific fixed function can be reused for a variety of BN) of the memory array are sensed to drive the output data 

system chips, although some minor differences might exist (DOUT) when the OEN signal is asserted, 

for fitting the circuit building block into different circuit FIG. 4 is a schematic circuit diagram illustrating a bit 

designs. As a necessary building block in a system chip, it 35 writing unit 1422 of the input buffer portion in a conven- 

is desirable for a memory device to have a flexible configu- tional non-volatile memory device, such as EPROM, 

ration so as to be adapted for use in a wide range of different EEPROM and flash memory. The bit writing unit 1422 also 

system chips without the need for constructing a different has a buffer input terminal connected to the input data bus 

memory macro for each chip. Although the memory device (DIN), a buffer output terminal connected to the correspond- 

with the flexible configuration is motivated largely by its 40 '^i* (B) the memory array, and a buffer enable 

embedded utilization in a system chip, it can also be terminal to receive the write enable (WEN) signal. However, 

fabricated as a stand-alone chip to provide a flexible con- the conventional non-volatile memory device needs a high 

figuration in the design of a system board. voltage (Vpp) to drive a write current to the bit line (B) 

FIG. 1 is a schematic circuit block diagram illustrating a during a write operation of one of the binary logic levels, 

conventional memory device 1. In general, the memory 45 such as logic "1". The write current is turned off during a 

device 1 comprises a memory array 10, an address decoder write operation of the opposite binary logic level, such as 

12, and an input/output (I/O) circuit 14 that includes an input logic "O'*. The level shifter 1423 acts to control tuming-on 

buffer portion 142 and an output sense amplifier portion 144. and tuming-off of an NMOS transistor 1425. W denotes a 

For convenience of explanation, a memory array 10 having logic input to the level shifter 1423, which corresponds to a 

a configuration of 256 words by 16 bits is taken as an 50 logic AND operation of the input data bit from the input data 

example. Therefore, the address bus (AIN) has eight bits, (DIN) and the WEN signal. Q denotes an output of the 

which are decoded by the address decoder 12 to become 256 level shifter 1423, which is used to drive an NMOS tran- 

address select signals for addressing the 256 word lines of sistor 1425. As such, the NMOS transistor 1425 conducts the 

the memory array 10, respectively. The input buffer portion write current from the high voltage source (Vpp) when the 

142 has sixteen bit writing units, each of which passes an 55 input data bus (DIN) is at logic "1" and the WEN signal is 

input data bit of a 16-bit input data bus (DIN) to the asserted, and resists the write current when otherwise, 

corresponding bit line of the memory array 10 under an FIG. 5 is a schematic circuit block diagram illustrating an 

asserted write enable (WEN) signal. The output sense ampli- 8-to-256 address decoder 120 and 256 level shifters 122. A 

fier portion 144 has sixteen bit sensing units, each of which non-volatile memory device fm-ther needs a level shifter 122 

senses an output data bit of the corre^nding one of the bit 60 associated with each word line of the memory array to apply 

lines of the memory array 10 and drives the corresponding different voltage levels to the corresponding word line 

output data line of a 16-bit output data bus (DOUT) under during respective read and write operations. During a write 

an asserted output enable (OEN) signal. In the conventional operation, the word lines need a high voltage (Vpp) whereas, 

memory array 10, the sixteen bits of one word are simulta- during a read operation, the word lines require a normal low 

neously addressed for simultaneous writing imder a common 65 voltage (Vcc), 

WEN signal, and for simultaneous reading under a common FIG. 6 is a schematic circuit diagram illustrating the level 

OEN signal. shifter 122. Vsw is connected to a voltage switching circuit 
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(not shown) that supplies the high voltage (Vpp) or the 
normal low voltage (Vcc) depending on whether the write 
operation or the read operation is to be performed. W 
denotes a logic input, while Q denotes an output. 

For non-volatile memory devices, an erase mechanism ^ 
(not shown) is further incorporated for erasing the pro- 
grammed charges on cells of the memory array. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
semiconductor memory device, cither volatile or non- 
volatile, with a flexible configuration that eases reuse in the 
integration of a variety of system chips and, when fabricated 
as a stand-alone chip, that enhances flexibility in the design 
of a system board. 

According to the present invention, a semiconductor 
memory device with a flexible configuration comprises an 
M-by-N memory array, a main address decoder, an input/ 
output circuit, an auxiliary address decoder, a mode selector, 20 
an auxiliary address router, an input data router, and an 
output data router. 

The memory array has a number M of complete words, 
each of the complete words having a niunber N of bits. The 
memory array further has M word bnes to address the M 25 
complete words, and N bit lines to access the N bits. Tlie 
number N has a number p of integer factors. The memory 
array is capable of being configured to operate in p different 
operating modes* where the bits of the complete words are 
rearranged into at least one sub-word formed as a bit group. 30 

The main address decoder is connected to the word lines 
of the memory array and is adapted to be connected to a 
main address bus. The main address decoder is adapted to 
decode main address signals on the main address bus, and 
provide a number M of corresponding main address select ^5 
signals to the word lines of the memory array, respectively. 

The input/output circuit includes an input buffer portion 
and an output sense amplifier portion. 

The input buffer portion has a number N of bit writing 
units. Each of the bit writing units has a buffer output ^ 
terminal connected to a respective one of the bit lines of the 
memory array, a buffer input terminal, and a buffer enable 
terminal to control enabling of the bit writing unit for 
passing an input data bit at the buffer input terminal to the 
respective one of the bit lines via the buffer output terminal. 

The output sense amplifier portion has a number N of bit 
sensing units. Each of the bit sensing units has a sensing 
input terminal connected to a respective one of the bit lines 
of the memory array, a sensing output terminal, and an 
output enable terminal adapted to receive an output enable 
signal to control enabling of the bit sensing unit for sensing 
an output data bit of the re^ectivc one of the bit lines and 
for providing the output data bit at the sensing output 
terminal in response to an asserted state of the output enable 
signal. 

The auxiliary address decoder is adapted to be connected 
to an auxiliary address bus and is adapted to decode auxil- 
iary address signals on the auxiliary address bus and gen- 
erate a number N of corresponding auxiliary address select gQ 
signals. 

The mode selector generates mode control signals that 
correspond to a selected one of the different operating 
modes. 

The auxiliary address router is coimected to the auxiliary 65 
address decoder, the mode selector and the buffer enable 
terminals of the bit writing imits of the input buffer portion. 
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The auxiliary address router is adapted to receive a write 
enable signal and enables appropriate ones of the bit writing 
units, which are associated with the sub-word that is selected 
according to the auxiliary address select signals from the 
auxiliary address decoder and the mode control signals from 
the mode selector, in response to an asserted state of the 
write enable signal. 

The input data router is connected to the mode selector 
and the buffer input terminals of the bit writing units of the 
input buffer portion. Tbe input data router is adapted to be 
connected to input data lines of an N-bit input data bus so as 
to receive input data bits therefrom, and is adapted to route 
the input data bits from the input data lines that are selected 
according to the mode control signals to the appropriate ones 
of the bit writing units that are enabled by the auxiliary 
address router. 

The output data router is connected to the auxiliary 
address decoder, the mode selector and the sensing output 
terminals of the bit sensing units of the output sense ampli- 
fier portion. The output data router is adapted to be con- 
nected to output data lines of an N-bit output data bus, and 
is adapted to route the output data bit at the sensing output 
terminal of appropriate ones of the bit sensing units, which 
are associated with the sub-word that is selected according 
to the auxiliary address select signals from the auxiliary 
address decoder and the mode control signals from the mode 
selector, to appropriate ones of the output data lines of the 
output data bus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present invention 
will become apparent in the following detailed description 
of the preferred embodiment with reference to the accom- 
panying drawings, of which: 

FIG. 1 is a schematic circuit block diagram illustrating a 
conventional memory device; 

FIG. 2 is a schematic circuit diagram illustrating a bit 
writing unit of an input buffer portion in a conventional 
volatile memory device; 

FIG. 3 is a schematic circuit diagram illustrating a bit 
sensing unit of an output sense amplifier portion in a 
conventional volatile memory device; 

FIG. 4 is a schematic circuit diagram illustrating a bit 
writing unit of an input buffer portion in a conventional 
non-volatile memory device; 

FIG. 5 is a schematic circuit block diagram illustrating an 
address decoder and level shifters in a conventional non- 
volatile memory device; 

FIG. 6 is a schematic circuit diagram illustrating a level 
shifter used in a conventional non-volatile memory device; 

FIG. 7 is a schematic circuit block diagram illustrating the 
preferred embodiment of a semiconductor memory device 
according to the present invention; 

FIG. 8 is a schematic circuit block diagram illustrating an 
auxiliary address router of the preferred embodiment; 

FIG. 9 illustrates an input data router of the preferred 
embodiment; and 

FIG. 10 illustrates an output data router of the preferred 
embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 7, the preferred embodiment of a 
semiconductor memory device 2 according to the present 
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invention is shown to comprise an M-by-N memory array 
20, a main address decoder 21, an input/output (I/O) circuit 

22 that includes an input buffer portion 220 and an output 
sense amplifier portion 222, an auxiliary address decoder 23, 
a mode selector or mode decoder 24, an auxiliary address 
router 26, an input data router 27 and an output data router 
28. 

The memory array 20 is conventional in construction and 
has a number M of complete words, each of the complete 
words having a number N of bits. The memory array 20 
further has M word lines to address the M complete words, 
and N bit lines to access the N bits. The number N has a 
number p of integer factors. Unlike the memory array of 
conventional memory devices, the memory array 20 can be 
configured to operate in p different operating modes, where 
the bits of the complete words are rearranged into at least 
one sub-word formed as a bit group. In the preferred 
embodiment, the sub-words in the same operating mode 
have uniform bit lengths. The uniform bit lengths of the 
sub-words are different for the different operating modes. 

For convenience of explanation, a memory array 20 
having M=256 and N=16 is taken as an example. The integer 
factors of the number "16" include 1, 2, 4, 8 and 16. Thus, 
the memory array 20 can be configured to operate in five 
different operating modes. This will be described in greater 
detail in the succeeding paragraphs. 

The main address decoder 21, which is conventional in 
construction, is connected to the word lines of the memory 
array 20 and is adapted to be connected to a main address 
bus (AIN). In this example, the main address bus (AIN) is 
an S-bit address bus, and the main address decoder 21 is 
adapted to decode main address signals on the main address 
bus (AIN) and provide 256 corresponding main address 
select signals to the word Hnes of the memory array 20, 
respectively. 

The input buffer portion 220 includes 16 bit-writing units 
(not shown). The bit writing units arc conventional in 
construction and can be similar to the one shown in FIG. 2, 
in the case that the semiconductor memory device 2 is 
volatile, or the one shown in FIG. 4, in the case the 
semiconductor memory device 2 is non-volatile. Thus, each 
bit writing unit has a buffer output terminal connected to a 
respective one of the bit lines of the memory array 20, a 
biiffer input terminal, and a buffer enable terminal to control 
enabling of the bit writing unit for passing an input data bit 
at the buffer input terminal to the respective one of the bit 
lines via the buffer output terminal. 

The output sense amplifier portion 222 includes 16 bit- 
sensing units (not shown). The bit sensing units are con- 
ventional in construction and can be similar to the one 
shown in FIG. 3, in the case that the semiconductor memory 
devic3e 2 is volatile. Thus, eadi bit sensing unit has a sensing 
input terminal connected to a respective one of the bit lines 
of the memory array 20, a sensing output terminal, and an 
output enable terminal adapted to receive an output enable 
(OEN) signal to control enabling of the bit sensing unit for 
sensing an output data bit of the respective one of the bit 
lines and for providing the output data bit at the sensing 
output terminal in response to an asserted state of the OEN 
signal. 

In the illustrative example, the auxiliary address decoder 

23 is adapted to be connected to a 4-bit auxiliary address bus 
(XIN), and is adapted to decode auxiliary address signals on 
the auxiliary address bus (XIN) and generate 16 correspond- 
ing auxiliary address select signals X0-X15. 

The mode decoder 24 generates mode control signals that 
correspond to a selected one of the different operating 
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modes. Particularly, in this example, the mode decoder 24 is 
adapted to receive a 3-bit mode select signal (MIN) and to 
decode the mode select signal (MIN) to obtain five mode 
control signals M1-M5. 

5 The auxiliary address router 26 is connected to the 
auxiliary address decoder 23, the mode decoder 24, and the 
buffer enable terminals of the bit writing imits of the input 
buffer portion 220. The auxiliary address router 26 is 
adapted to receive a write enable (WEN) signal, and enables 

10 appropriate ones of the bit writing units which are associated 
with the sub-word of the memory array 20 that is selected 
according to the auxiliary address select signals X0-X15 
and the mode control signals M1-M5 in response to an 
asserted state of the WEN signal. 

The input data router 27 is connected to the mode decoder 
24 and the buffer input terminals of the bit writing units of 
the input buffer portion 220. The input data router 27 is 
further adapted to be connected to input data lines of a 16-bit 
input data bus (DIN) so as to receive input data bits 
therefrom. The input data router 27 is adapted to route the 
input data bits firom the input data lines that are selected 
according to the mode control signals M1-M5 to the appro- 
priate ones of the bit writing units that are enabled by the 
auxiliary address router 26. 

25 

The output data router 28 is connected to the auxiliary 
address decoder 23, the mode decoder 24, and the sensing 
output terminals of the bit sensing units of the output sense 
amplifier portion 222. The output data router 28 is further 
adapted to be connected to output data lines of a 16-bit 
output data bus (DOUT) The output data router 28 is adapted 
to route the output data bit at the sensing output terminal of 
appropriate ones of the bit sensing units, which are associ- 
ated with the sub-word that is selected according to the mode 
control signals M1-M5 and the auxiliary address select 
signals X0-X15, to appropriate ones of the output data lines 
of the output data bus (DOUT). 

In the above example, the five operating modes of the 
memory array 20 are as follows: 

40 Ml: The memory array 20 is configured to have 4096 
sub-words, each of which is one bit long. Thiis, the con- 
figuration of the memory device 2 becomes 4Kxl. All four 
bits of the auxiliary address bus (XIN) are valid, and 
cooperate with the 8-bit main address bus (AIN) to form a 

45 12-bit address bus for decoding the addresses of the 4096 
sub-words. Only the least significant bits (LSB) of the input 
data lines and the output data lines of the input data bus 
(DIN) and the output data bus (DOUT) are valid such that 
each of the input data bus (DIN) and the output data bus 

50 (DOUT^ acts as a one-bit data bus. 

M2: The memory array 20 is configured to have 2048 
sub-words, each of which is two bits long. Thus, the 
configuration of the memory device 2 becomes 2Kx2. Only 
the three least significant bits (LSB) of the 4-bit auxiliary 

55 address bus (XIN) are valid, and cooperate with the 8-bit 
main address bus (AIN) to fonn an 11-bit address bus for 
decoding the addresses of the 2048 sub-words. Only the two 
least significant bits (LSB) of the input data lines and the 
output data lines of the input data bus (DIN) and the output 

60 data bus (DOUl) are valid such that each of the input data 
bus (DIN) and the output data bus (DOUT) acts as a two-bit 
data bus. 

M3: The memory array 20 is configured to have 1024 
sub-words, each of which is four bits long. Thus, the 
65 configuration of the memory device 2 becomes lKx4. Only 
the two least significant bits (LSB) of the 4-bit auxiliary 
address bus (XIN) are valid, and cooperate with the 8-bit 
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main address bus (AIN) to form a 10-bit address bus for 
decoding (he addresses of the 1024 sub-words. Only the four 
least significant bits (LSB) of the input data lines and the 
output data lines of the input data bus (DIN) and the output 
data bus (DOUT) are valid such that each of the input data 
bus (DIN) and the output data bus (DOUT) acts as a four-bit 
data bus. 

M4: The memory array 20 is configured to have 512 
sub-words, each of which is eight bits long. Thus, the 
configuration of the memory device 2 becomes 512x8. Only 
the least significant bit (LSB) of the 4-bit auxiliary address 
bus (XIN) is valid, and cooperates with the 8-bit main 
address bus (AIN) to form a 9-bit address bus for decoding 
the addresses of the 512 sub-words. Only the eight least 
significant bits (LSB) of the input data lines and the output 
data lines of the input data bus (DIN) and the output data bus 
(DOUT) are valid such that each of the input data bus (DIN) 
and the output data bus (DOUT) acts as an eight-bit data bus. 

M5: The memory array 20 is configured to have 256 
words, each of which is 16 bits long. Thus, the configuration 
of the memory device 2 is 256x16. The 4-bit auxiliary 
address bus (XIN) is invalid, and only the 8-bit main address 
bus (AIN) is used for decoding the 256 word line addresses. 
All sixteen input and output data lines of the input data bus 
(DIN) and the output data bus (DOUT) are vahd at this time. 

Referring to FIG. 8, the auxiliary address router 26 
includes a combinational logic circuit 260 and a logic AND 
circuit block 262. The combinational logic circuit 260 is 
connected to the auxiliary address decoder 23 and the mode 
decoder 24, and performs logic operations on the mode 
control signals M1^5 and the auxihary address select 
signals X0-X5 according to a predetermined first set of 
Boolean equations. In this example, the combinational logic 
circuit 260 generates sixteen buffer select outputs Y0-Y15 
according to the following Boolean equations: 

YO=XO 

YI=:MJ*XI + m*X0+M3>X0^M4*X0-t-M5*X0 
Y2 = MI*X2 + Sf2*Xl+M3*X0^-M4*X0^m*X0 
Y3=MI*X3 + \f2*XI+M3*X0-i-M4*X0-t-M5*X0 
Y4^MJ*X4+M2*X2 + M3*Xi-i-M4*X0-t-M5*X0 
YS^MI*X5+M2*X2+M3*Xl-t-M4*X0-i-M5*X0 
Y6 = ^^UX6 + M2*X3+M3*X1^-M4*X0■^'M5* XO 
Y7=MJ*X7 + M2*X3+M3*XJ + M4*X0^M5*XO 
Y8=MI*X8+M2*X4+M3*X2-i-M4*XI + M5*X0 
K9=: Ml*X9^M2*X4A-M3*X2^m*XI^M5*X0 
YIO = MI * X10+ M2*X5 + M3*X2^'M4mXi^ M5* XO 
YII = MI * XII + M2*X5-t-M3*X2-hM4*XI^ M5* XO 
YI2 = MI* XI2 +M2*X6-i-M3*X3-t'M4*Xl4'M5*X0 
YI3 ^MI*XI3+M2*X6 + M3*X3-t-M4»XI^M5*X0 
YI4 =^M1*XI4+M2*X7 + M3*X3 -H M4*XI ¥ M5*X0 
YI5 =MI*XI5+M2*X7+M3*X3-i'M4*Xl¥M5*X0 



The logic AND circuit block 262 is connected to the 
combinational logic circuit 260 and the buffer enable ter- 
minals of the bit writing units of the input buffer portion 220. 
The logic AND circuit block 262 is adapted to receive the 
write enable (WEN) signal, and is adapted to perform a logic 
AND operation of the WEN signal with the buffer select 
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outputs Y0-Y15 of the combinational logic circuit 260 to 
obtain sixteen buffer enable signals XA0-XA15 that are 
provided respectively to the buffer enable terminals of the bit 
writing units of the input buffer portion 220 for enabUng the 
^ appropriate ones of the bit writing units. 

Referring to FIG. 9, the input data router 27 is shown to 
be in the form of a combinational logic circuit that is 
connected to the mode decoder 24 and the buffer input 
terminals DIB0-DIB15 of the bit writing units of the input 
buffer portion 220, and that is further adapted to be con- 
nected to the input data lines DI0-DI15 of the 16-bit input 
IS data bus (DIN). The combinational logic circuit is adapted to 
perform logic operations on the input data bits from the input 
data lines DI0-DI15 and the mode control signals M1-M5 
according to the following predetermined second set of 
Boolean equations to route the input data bits to the appro- 
priate ones of the bit writing units that are enabled by the 
auxiliary address router 26: 

DIBO=iDIO 

DIB I = MI » DIO +M2* Dll + M3 * DII + M4* DU + M5 * DII 
DIB2 = MUDIO+ M2*DiO + M3*DI2+ M4*D12 M5*DI2 
DIB3 =^MI* DIO +M2* DII ¥M3* DI3 +M4* D!3 ¥M5* DI3 
30 DIB4 = MI » DIO + M2 * DIO + MJ » DIO +M4* DI4 + M5 « DI4 
DIBS =MI*DI0+M2*DII ^-M3*DII+M4* D!5 + M5 » DI5 
DIB6 ^MI* DIO +M2* DIO +M3*DI2 + M4* DI6 +M5* DI6 
DIB7 =Ml*DI0+M2*DII-i-M3* DI3 +M4*DI7+M5* DI7 

35 

DIBS =MI*DI0+M2*DI0 + M3* DIO +M4* DIG + MS * DI8 
DIB9 ^MI* DIO +M2* DII ■i-M3* DII + M4* DII 4- MS * DI9 
DIB 10 =MI*DI0 + M2*DI0 + M3*DI2 + M4* DI2 4- M5 ♦ DUO 
40 DIBII ^MU DIO + M2 * DII ¥ M3 * DI3 +M4* DI3 + MJ . Dili 
DIBI2^MI*DI0 + M2*DI0 + M3*Dl0+M4*Dt4-\-M5*DII2 
DIB13 =M1* DIO + M2 * DII 4- M3 * DII A- M4* DfS ¥ MS * DII3 
DIB 14 = MJ* DIO + M2 * DIO ¥M3*DI2 + M4* D16 + MS * DIM 

45 

DIB IS =MU DIO + M2* DU +- M3 * DI3 + M4* DI7 + W5 » DII5 



Referring to FIG. 10, the output data router 28 is shown 
to be in the form of a combinational logic circuit that is 
connected to the auxiliary address decoder 23, the mode 
decoder 24, and the sensing output terminals DOB0-DOB15 
of the bit sensing imits of the output sense amplifier portion 
222, and that is further adapted to be connected to the output 
data lines DO0-DO15 of the 16-bit output data bus (DOUT). 
The combinational logic circuit, which acts as a multiplexer, 

gQ is adapted to perform logic operations on the mode control 
signals M1-M5, the auxiliary address select signals 
X0-X15, and the output data bits at the sensing output 
terminals of the bit sensing units according to the following 
predetermined third set of Boolean equations to route the 

65 output data bits from the appropriate ones of the bit sensing 
units to the appropriate ones of the output data lines 
DO0-DO15 of the output data bus (DOUT): 



04/14/2003, EAST Version: 1.03.0002 



6,046,957 



10 



a) when in mode Ml, only the output data line DOO is 
valid, 

DOO = X0* DOBO DOB I + » D0B2 + X3 *D0B3 + 

X4 * DOB4 + X5 * DOBS + X<S * D0B6 ^X7* D0B7 + 
XS * DOBS +X9* D0B9 + XW * DOB JO + X/ / * DOBI I + 

XJ2*DOBt2 + XI3*DOB13 + X 14* DOB 14 + X 15* DOB 15 



b) when in mode M2, only the output data lines DOO and 
DOl arc valid, 

DOO = X0* DOBO + X7 » D0B2 + X2 * D0B4 + X3 ♦ DOBS + 

X4 . DOBS + X5 » DOB 10 ¥X6* DOB 12 + X7* DOB 1 4 

DOl = X0* DOBI + X1* D0B3 + X2* D0B5 + * D0B7 + 

X7 * DOB9 -t- X5 * DOBI 14-X6* DOB 13 +X7* DOB 1 5 



c) when in mode M3, only the output data lines DOO to 
D03 is valid, 

DOO z:XO* DOBO 4-XU DOB4 A-X2* DOBS 4-X3* DOB 12 

DOl = X0* DOBI + XI * D0B5 + X2* DOB9 ^X3* DOB 13 
D02 = X0* DOB2 + XV * DOB6 + X2 * DOB JO + X3 * DOB 1 4 
D03 t= X0*DOB3 +XI* DOB7 + X2 *DOBJ I + X3*D0B15 



d) when in mode M4, only the output data lines DOO to 
D07 are valid, 

DOO = XO* DOBO + XJ* DOBS 
DO J = XO* DOBI + X7 * DOB9 
D02 = XO* DOB2 +XJ* DOB 10 
D03 = XO* DOB3 +XJ* DOBU 
D04 = X0* DOB4 +XJ* DOB 12 
D05 = XO* DOB5 +XJ* DOB 13 
D06 ~ XO* DOB6 + XJ* DOBI4 
D07 = XO* DOB7 + XJ* DOB J 5 



e) when in mode M5, 
DOO-D015 arc valid. 



all of the output data lines 



DOn=X0*DOBn, where n=0 to 15. 

It is noted that the auxiliary address select signals 
X0-X15 from the auxiliary address decoder 23, the buffer 
enable sigpals XA0-XA15 from the auxiliary address router 
26, the input data lines D10-4)I15 of the input data bus 
(DIN), the output data lines DOO-D015 of the output data 
bus (DOUT), the buffer input terminals DIB0-DIB15 of the 
bit writing units of the input buffer portion 220, and the 
sensing output terminals DOB0-DOB15 of the bit sensing 
units of the output sense amplifier portion 222 all correspond 
in number with the number N of bits in one complete word 
of the memory array 20. 

As mentioned beforehand, the memory device 2 of the 
illustrative example is based on a 256-by-16 configured 
memory array 20. In general, the present invention is 



applicable to any memory array having M complete words 
and N bits in each complete word. 

In view of the flexible configuration of the semiconductor 
memory device of this invention, reuse in the integration of 
a variety of system chips can be eased. In addition, when the 
semiconductor memory device of this invention is fabricated 
as a stand-alone chip, flexibility in the design of a system 
board can be enhanced. The object of the invention is thus 
met. 

While the present invention has been described in con- 
nection with what is considered the most practical and 
preferred embodiment, it is understood that this invention is 
not limited to the disclosed embodiment but is intended to 
cover various arrangements included within the spirit and 
scope of the broadest interpretation so as to encompass all 
such modifications and equivalent arrangements. 
I claim: 

1. A semiconductor memory device with a flexible 
configuration, comprising: 
20 an M-by-N memory array having a number M of com- 
plete words, each of said complete words having a 
number N of bits, said memory array further having M 
word lines to address said M complete words, and N bit 
lines to access said N bits, wherein the number N has 
a number p of integer factors, said memory array being 
capable of being configured to operate in p different 
operating modes, where said bits of said complete 
words are rearranged into at least one sub-word formed 
as a bit group; 
a main address decoder connected to said word lines of 
said memory array and adapted to be connected to a 
main address bus, said main address decoder being 
adapted to decode main address signals on the main 
address bus and provide a number M of corresponding 
main address select signals to said word lines of said 
memory array, respectively; 
an input/output circuit including 

an input buffer portion having a number N of bit writing 
units, each of said bit writing units having a buffer 
output terminal connected to a respective one of said 
bit lines of said memory array, a buffer input 
terminal, and a buffer enable terminal to control 
enabling of said bit writing unit for passing an input 
data bit at said buffer input terminal to the respective 
one of said bit lines via said buffer output terminal, 
and 

an output sense amplifier portion having a number N of 
bit sensing units, each of said bit sensing units 
having a sensing input terminal connected to a 
50 respective one of said bit lines of said memory array, 

a sensing output terminal, and an output enable 
terminal adapted to receive an output enable signal to 
control enabling of said bit sensing unit for sensing 
an output data bit of the respective one of said bit 
lines and for providing the output data bit at said 
sensing output terminal in response to an asserted 
state of the output enable signal; 
an auxiliary address decoder adapted to be cormected to 
an auxiliary address bus and adapted to decode 
auxihary address signals on the auxiliary address bus 
and generate a number N of corresponding auxiliary 
address select signals; 
a mode selector for generating mode control signals 
that correspond to a selected one of the different 
operating modes; 
an auxiliary address router connected to said auxiliary 
address decoder, said mode selector and said buffer 
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enable terminals of said bit writing units of said input 
buffer portion, said auxiliary address router being 
adapted to receive a write enable signal and enabling 
appropriate ones of said bit writing units which are 
associated with said sub-word that is selected 
according to the auxiliary address select signals from 
said auxiliary address decoder and the mode control 
signals from said mode selector in response to an 
asserted state of the write enable signal; 

an input data router connected to said mode selector 
and said buffer input terminals of said bit writing 
units of said input buffer portion, said input data 
router being adapted to be connected to input data 
lines of an N-bit input data bus so as to receive input 
data bits therefrom and being adapted to route the 
input data bits &om the input data lines that are 
selected according to the mode control signals to said 
appropriate ones of said bit writing units that are 
enabled by said auxiliary address router; and 

an output data router connected to said auxiliary 
address decoder, said mode selector and said sensing 
output terminals of said bit sensing units of said 
output sense amplifier portion, said output data 
router being adapted to be connected to output data 
lines of an N-bit output data bus and being adapted 
to route the output data bit at said sensing output 
terminal of appropriate ones of said bit sensing units, 
which are associated with said sub-word that is 
selected according to the auxiliary address select 
signals from said auxiliary address decoder and the 
mode control signals from said mode selector, to 
appropriate ones of the output data lines of the output 
data bus. 

2. The semiconductor memory device of claim 1, wherein 
said mode selector includes a mode decoder adapted to 
receive a mode select signal and to decode the mode select 
signal to obtain a number p of the mode control signals. 

3. The semiconductor memory device of claim 1, wherein 
said auxiliary address router includes: 

a combinational logic circuit connected to said auxiliary 
address decoder and said mode selector for performing 
logic operations on the auxiliary address select signals 
and the mode control signals according to a predeter- 
mined set of Boolean equations to obtain a number N 
of buffer select outputs; and 

a logic AND circuit block connected to said combina- 
tional logic circuit and said buffer enable terminals of 
said bit writing units of said input buffer portion, said 
logic AND circuit block being adapted to receive the 
write enable signal and being adapted to perform a 50 
logic AND operation of the write enable signal with the 
buffer select outputs of said combinational logic circuit 
to obtain a nmnber N of buffer enable signals that are 
provided respectively to said buffer enable terminals of 
said bit writing units for enabling said appropriate ones 55 
of said bit writing units. 

4. The semiconductor memory device of claim 1, wherein 
said input data router includes a combinational logic circuit 
connected to said mode selector and said buffer input 
terminals of said bit writing units of said input buffer 
portion, said combinational logic circuit being adapted to be 
connected to the input data lines of the N-bit input data bus, 
said combinational logic circuit being adapted to perform 
logic operations on the input data bits from the input data 
lines and the mode control signals according to a predeter- 
mined set of Boolean equations to route the input data bits 
to said appropriate ones of said bit writing units. 
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5. The semiconductor memory device of claim 1, wherein 
said output data router includes a combinational logic circuit 
connected to said auxiliary address decoder, said mode 
selector and said sensing output terminals of said bit sensing 
units of said output sense amplifier portion, said combina- 
tional logic circuit being adapted to be connected to the 
output data lines of the N-bit output data bus and being 
adapted to perform logic operations on the auxiliary address 
select signals, the mode control signals and the output data 
bits at said sensing output terminals of said bit sensing units 
according to a predetermined set of Boolean equations to 
route the output data bits from said appropriate ones of said 
bit sensing units to said appropriate ones of the output data 
lines of the output data bus. 

6. The semiconductor memory device of claim 1, wherein 
said at least one sub-word in the same one of the operating 
modes has uniform bit length, the uniform bit length of said 
at least one sub-word being different for the different oper- 
ating modes. 

7. A semiconductor memory device with a flexible 
configuration, comprising: 

an M-by-N memory array having a number M of com- 
plete words, each of said complete words having a 
number N of bits, said memory array further having M 
word lines to address said M complete words, and N bit 
lines to access said N bits, wherein the number N has 
a number p of integer factors, said memory array being 
capable of being configured to operate in p different 
operating modes, where said bits of said complete 
words are rearranged into at least one sub-word formed 
as a bit group; 

a main address decoder connected to said word lines of 
said memory array and adapted to be coimected to a 
main address bus, said main address decoder being 
adapted to decode main address signals on the main 
address bus and provide a number M of corresponding 
main address select signals to said word lines of said 
memory array, respectively; 

an input/output circuit including an input btiffer portion 
having a mmaber N of bit writing units, each of said bit 
writing imits having a buffer output terminal connected 
to a respective one of said bit lines of said memory 
array, a buffer input terminal, and a buffer enable 
terminal to control enabling of said bit writing unit for 
passing an input data bit at said buffer input terminal to 
the respective one of said bit lines via said buffer output 
terminal; 

an auxiliary address decoder adapted to be connected to 
an auxiliary address bus and adapted to decode auxil- 
iary address signals on the auxiliary address bus and 
generate a number N of corresponding auxiliary 
address select signals; 

a mode selector for generating mode control signals that 
correspond to a selected one of the different operating 
modes; 

an auxiliary address router connected to said auxiliary 
address decoder, said mode selector and said buffer 
enable terminals of said bit writing units of said input 
buffer portion, said auxiliary address router being 
adapted to receive a write enable signal and enabling 
appropriate ones of said bit writing units which are 
associated with said sub-word that is selected according 
to the auxiliary address select signals from said auxil- 
iary address decoder and the mode control signals from 
said mode selector in response to an asserted state of 
the write enable signal; and 
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an input data router connected to said ooode selector and 
said buffer input terminals of said bit writing units of 
said input buffer portion, said input data router being 
adapted to be connected to input data lines of an N-bit 
input data bus so as to receive input data bits therefrom 5 
and being adapted to route the input data bits firom the 
input data lines that are selected according to the mode 
control signals to said appropriate ones of said bit 
writing units that are enabled by said auxiliary address 
router. lO 

8. The semiconductor memory device of claim 7, wherein 
said mode selector includes a mode decoder adapted to 
receive a mode select signal and to decode the mode select 
signal to obtain a number p of the mode control signals. 

9. The semiconductor memory device of claim 7, wherein 15 
said auxiliary address router includes: 

a combinational logic circuit connected to said auxiliary 
address decoder and said mode selector for performing 
logic operations on the auxiliary address select signals 
and the mode control signals according to a predeter- 20 
mined set of Boolean equations to obtain a number N 
of buffer select outputs; and 

a logic AND circuit block connected to said combina- 
tional logic circuit and said buffer enable terminals of 
said bit writing units of said input buffer portion, said 
logic AND circuit block being adapted to receive the 
write enable signal and being adapted to perform a 
logic AND operation of the write enable signal with the 
buffer select outputs of said combinational logic circuit 
to obtain a number N of buffer enable signals that are 
provided respectively to said buffer enable terminals of 
said bit writing units for enabling said appropriate ones 
of said bit writing units. 

10. The semiconductor memory device of claim 7, 
wherein said input data router includes a combinational 
logic circuit connected to said mode selector and said buffer 
input terminals of said bit writing units of said input buffer 
portion, said combinational logic circuit being adapted to be 
connected to the input data lines of the N-bit input data bus, 
said combinational logic circuit being adapted to perform 
logic operations on the input data bits firom the input data 
hnes and the mode control signals according to a predeter- 
mined set of Boolean equations to route the input data bits 
to said appropriate ones of said bit writing units. 

U. The semiconductor memory device of claim 7, 
wherein said at least one sub-word in the same one of the 
operating modes has uniform bit length, the uniform bit 
length of said at least one sub-word being different for the 
different operating modes. 

12. A semiconductor memory device with a flexible 
configuration, comprising: 

an M-by-N memory array having a number M of com- 
plete words, each of said complete words having a 
number N of bits, said memory array further having M 
word lines to address said M complete words, and N bit 
lines to access said N bits, wherein the number N has 
a niunber p of integer factors, said memory array being 
capable of being configured to operate in p different 
operating modes, where said bits of said complete 
words are rearranged into at least one sub-word formed 
as a bit group; 
a main address decoder connected to said word lines of 
said memory array and adapted to be connected to a 
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main address bus, said main address decoder being 
adapted to decode main address signals on the main 
address bus and provide a number M of corresponding 
main address select signals to said word lines of said 
memory array, respectively; 

an input/output circuit including an output sense amplifier 
portion having a number N of bit sensing units, each of 
said bit sensing imits having a sensing input terminal 
connected to a respective one of said bit lines of said 
memory array, a sensing output terminal, and an output 
enable terminal adapted to receive an output enable 
signal to control enabling of said bit sensing unit for 
sensing an output data bit of the respective one of said 
bit lines and for providing the output data bit at said 
sensing output terminal in response to an asserted state 
of the output enable signal; 

an auxiliary address decoder adapted to be connected to 
an auxiliary address bus and adapted to decode auxil- 
iary address signals on the auxiliary address bus and 
generate a number N of corresponding auxiliary 
address select signals; 

a mode selector for generating mode control signals that 
correspond to a selected one of the different operating 
modes; and 

an output data router connected to said auxiliary address 
decoder, said mode selector and said sensing output 
terminals of said bit sensing units of said output sense 
amplifier portion, said output data router being adapted 
to be connected to output data lines of an N-bit output 
data bus and being adapted to route the output data bit 
at said sensing output terminal of appropriate ones of 
said bit sensing units, which are associated with said 
sub-word that is selected according to the auxifiary 
address select signals from said auxiliary address 
decoder and the mode control signals from said mode 
selector, to appropriate ones of the output data lines of 
the output data bus. 

13. The semiconductor memory device of claim 12, 
wherein said mode selector includes a mode decoder 
adapted to receive a mode select signal and to decode the 
mode select signal to obtain a number p of the mode control 
signals. 

14. The semiconductor memory device of claim 12, , 
wherein said output data router includes a combinational 
logic circuit coimected to said auxiliary address decoder, 
said mode selector and said sensing output terminals of said 
bit sensing units of said output sense amplifier portion, said 
combinational logic circuit being adapted to be connected to 
the output data lines of the N-bit output data bus and being 
adapted to perform logic operations on the auxiliary address 
select signals, the mode control signals and the output data 
bits at said sensing output terminals of said bit sensing units 
according to a predetermined set of Boolean equations to 
route the output data bits firom said appropriate ones of said 
bit sensing units to said appropriate ones of the output data 
lines of the output data bus. 

15. The semiconductor memory device of claim 12, 
wherein said at least one sub-word in the same one of the 
operating modes has uniform bit length, the uniform bit 
length of said at least one sub-word being different for the 
different operating modes. 
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